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(57) ABSTRACT 

A method to deposit insulating, semiconducting, and con 
ducting ?lms at pressures close to the atmospheric pressure 
and at temperatures less than 500° C. is provided. In this 
method, noble gas is mixed With reactant gas, and electric 
energy is applied to produce plasma at pressure substantially 
close to atmospheric pressure. The process can be applied to 
deposit ?lms such as silicon dioxide, silicon nitride, silicon, 
and metal ?lms. 
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ELECTRO-OPTICAL APPARATUS AND 
METHOD FOR FABRICATING A FILM, 

SEMICONDUCTOR DEVICE AND MEMORY 
DEVICE AT NEAR ATMOSPHERIC 

PRESSURE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to a method of fabricating a 

?lm. One of the major ?eld of application of the ?lm is in 
microelectronics in devices such as thin ?lm transistors 
(TFTs) and metal insulator oxide (MOS) transistors. 

2. Description of Related Art 
Acommon Way to deposit insulating, semiconducting and 

conducting ?lms is employing a chemical vapor deposition 
(CVD) process. Three most commonly used CVD methods 
are: atmospheric pressure chemical vapor deposition 
(APCVD), loW pressure chemical vapor deposition 
(LPCVD), and plasma enhanced chemical vapor deposition 
(PECVD). 

SUMMARY OF THE INVENTION 

During the CVD processes, the reactant gases are intro 
duced in to a reaction chamber Where they react at elevated 
temperature to form a ?lm such as silicon dioxide ?lm and 
silicon nitride ?lm. During the CVD processes, parameters 
such as ?lm deposition rate, deposition temperature and 
pressure are inter-related. Thus changing one parameter 
Would affect other parameters. From the manufacturing-cost 
point of vieW, it is desired that the ?lm should be deposited 
at loW temperatures and as close as possible to the atmo 
spheric pressure to reduce the high cost of vacuum tools. In 
the folloWing, a quick overvieW is given of the order of 
temperatures (substrate temperature) and pressures used 
during depositions of silicon dioxide and silicon nitride 
depositions. 
[Silicon dioxide deposition] 

Silicon dioxide can be deposited at loW temperature (300 
to 500° C.) by reacting silane, oxygen, and dopants (if 
needed) in a CVD reactor (APCVD) or at reduced pressure 
in an LPCVD reactor. The deposition rate decreases and the 
?lm properties degrade as the temperature is reduced, thus 
usually the deposition temperature is 450° C. (or higher). 
These ?lms are porous With loWer density, loWer dielectric 
strength, and higher etch rate in HF compared With the ?lms 
produced using higher temperature process. The step cov 
erage is also nonconformal. 

The ?lm properties can improved by increasing the depo 
sition (substrate) temperature. For the deposition tempera 
ture range 500—800° C., a silicon dioxide ?lm can be formed 
by decomposing tetraethylorthosilicate, Si(OC2H5)4 or 
TEOS, in an LPCVD reactor, With improved ?lm properties 
and conformal step coverage. At even higher temperature 
(900° C.), silicon dioxide can be formed by reacting 
dichlorosilane, SiCl2H2, With nitrous oxide at reduced pres 
sure. 

Thus silicon dioxide ?lms produced at higher deposition 
temperature have better properties, but applications can be 
limited, for example, these ?lms can not be deposited over 
a layer of aluminum. Additionally, for TFT applications 
Which use glass substrate, the deposition temperature need 
to be loWer than 430° C. 

Alternatively, the ?lms can be deposited by a PECVD 
process below 4000 C. HoWever, this process requires the 
use of expensive vacuum tools as plasma processes are done 
at reduced pressures. 
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2 
[Silicon Nitride Deposition] 

Silicon nitride ?lms can be deposited by an intermediate 
temperature (750° C.) LPCVD process or a loW temperature 
(300° C.) PECVD method. Although the ?lms can be 
deposited at loWer temperature using the PECVD method, 
the process Would require the use of expensive vacuum 
equipment as Was mentioned earlier. 

Thus in the case of APCVD or LPCVD depositions of 
silicon dioxide and silicon nitride, the deposition tempera 
ture is too high to be useful for certain applications such as 
TFTs. Alternatively, the ?lms can be deposited at loWer 
temperatures using the plasma assisted process (PECVD), 
but the pressure in plasma assisted process is loWer Which 
requires expensive vacuum tools. 
The object of the present invention is to at least provide 

an inexpensive and broad applicability method for fabricat 
ing insulating ?lms such as silicon nitride and silicon oxide 
?lms, semiconducting or conducting ?lms such as silicon 
?lms, and conducting ?lms such as metal ?lms at loW 
temperatures. Semiconductor devices, Which include the 
fabricated insulating, semiconducting or conducting ?lms, 
can be used for electro-optical apparatuses, such as an LCD 
display and an electroluminescence display. 

In accordance With one exemplary embodiment of the 
present invention, fabrication of insulating, semiconducting 
and conducting ?lms by excitation of noble gases along With 
reactant gases at the pressures substantially close to 
atmospheric-pressure (about 100 kPa) is provided. This may 
completely eliminate the need of using vacuum tools, mak 
ing the equipment and the process very inexpensive com 
pared to equipment and processes used for making similar 
?lms in TFT and semiconductor industries. 
The above exemplary embodiment of fabricating ?lms at 

pressures substantially close to atmospheric-pressure may 
be advantageous from the cost and simplicity points of vieW. 
Accordingly, even if the process pressure is reduced to as 
loW as 1 kPa, the processes can be carried out With inex 
pensive vacuum tools. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a schematic of plasma production in a mixture 
of reactant gas(es) and noble gas(es) by application of 
electric ?eld; and 

FIG. 1b is a schematic of plasma production in a mixture 
of reactant gas(es) and noble gas(es) by using photons. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Since plasma-assisted processes can be carried out at 
loWer temperature for deposition, they have an advantage 
over the APCVD and LPCVD processes, especially for the 
applications Where high process temperatures are undesir 
able. HoWever, the current PECVD processes require the use 
of expensive vacuum tools. Thus it is desirable to be able to 
produce plasma of reactant gases at atmospheric pressure or 
at a pressure close to atmospheric pressure to avoid the high 
cost of using the vacuum tools and to reduce the equipment 
footprint. 

Unfortunately, as the pressure is increased, it is dif?cult to 
maintain reactant gas plasma above certain pressure. The 
maximum pressure up to Which plasma can be maintained 
depends upon the reactant gas(es) used in the process. 
On the other hand, noble gases such as helium and neon 

can be excited at pressures as high as atmospheric pressure 
by application of electric energy. If large amount of noble 
gas is mixed With the reactant gases, then it is possible to 
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create a plasma containing reactant gases at pressures as 
high as atmospheric pressures. In this case, ?rst the noble 
gas plasma is produced upon the application of electric (or 
other) energy to the gas mixture. The noble gas radicals and 
ions subsequently collide With the reactant gas molecules to 
create the reactant gas radicals and ions to form plasma. The 
reactant gas(es) ions and radicals react to form the ?lm With 
desired composition on a substrate. Thus, the noble gas does 
not react With any of the reactant gases, but simply aids the 
formation of plasma. Accordingly, it is possible to produce 
?lms such as silicon dioxide, silicon nitride at pressures as 
high as atmospheric pressure, and at temperatures beloW 
430° C. (maximum temperature alloWed in TFT fabrication) 
by using this process. It Was found that the noble gas plasma 
could be easily produced at pressure close to atmospheric 
pressure When the frequency of electric poWer Was in the 
range from 1 kHZ to 100 MHZ. A plasma Was more effec 
tively formed at the atmospheric pressure When the distance 
betWeen the electrodes on Which electric energy Was applied 
Was less than 5 mm. 

For example, as shoWn in FIG. 1a, to deposit silicon 
dioxide using this process, a mixture of noble gas, TEOS and 
oxygen or a mixture of noble gas, silane and oxygen can be 
introduced in to the chamber. By application of electric ?eld 
betWeen the electrodes, the plasma of noble gas and reactant 
gases can be created at pressures close to atmospheric 
pressure. The reactive species of plasma react to deposit 
silicon dioxide ?lm on the substrate. Silicon nitride can be 
deposited in a similar Way by introducing reactant gases 
such as NH3 and silane along With noble gases in the 
chamber, and applying electric poWer to create a plasma at 
pressure close to atmospheric pressure. 

Of course, the application of this process is not limited to 
deposition of silicon dioxide or silicon nitride ?lms, but it 
can be applied to deposition of any ?lms currently deposited 
by conventional PECVD APCVD or LPCVD processes. For 
example, deposition of amorphous or microcrystalline sili 
con ?lms uses the conventional PECVD process. By adding 
the noble gas to the reactant gas mixture, We can increase the 
deposition pressures to as high as atmospheric pressure. In 
the case of the conventional LPCVD process used for 
deposition of amorphous silicon and polysilicon, the depo 
sition temperature is usually higher than 500° C. to achieve 
practical deposition rates, as there is no plasma used during 
this process. By adding noble gas(es) to the reactant gas(es), 
it is possible to produce plasma regardless of the pressure 
used Which Will give increased deposition rate, even if the 
deposition temperature is loWered. Additionally, the dis 
closed process can also be applied to deposition of metal or 
alloy ?lms. For example, tungsten can be deposited by using 
reactant such as WF6 along With noble gas, and creating a 
plasma at pressure close to one atmosphere. 

Even though it is possible to create plasma at higher 
pressure by adding noble gas or a mixture of multiple noble 
gases to the reactant gases, the method can also be used at 
loWer pressure, Where the addition of noble gas(es) aids the 
plasma formation. 

In this process described above, electric energy Was used 
to excite the noble gases. HoWever, it is also possible to use 
optical energy to excite noble gases to higher energy, as 
shoWn in FIG. 1b. Each noble gas has discrete excitation 
energy. For example, the ?rst excitation level for argon is 
11.6 eV. Thus, if photon With energy higher than 11.6 eV are 
used, argon can be excited, Which subsequently can excite 
reactant gases to form reactive species Which react to form 
?lm With desired composition. 

The insulating ?lms produced by the disclosed processes 
can be used as interlayer dielectric of a semiconductor 
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4 
device. The insulating ?lms can also be used as gate 
insulator of a part of the gate insulator of a metal insulator 
semiconductor (MIS) device such as MOSFET, TFT or SOI 
device. Conducting ?lms such as metal ?lms fabricated 
using the disclosed process can be used as contacts to such 
devices. The semiconducting ?lms produced can be used as 
active layers of MIS or photovoltaic type devices. 
What is claimed is: 
1. A plasma enhanced method for fabricating a ?lm, 

comprising: 
introducing a gas mixture of a noble gas and reactant gas 

into a chamber; and 

supplying an electrical energy to a gas mixture such that 
a noble gas plasma is produced and that noble gas 
radicals and ions subsequently collide With the reactant 
gas to form reactant gas radicals and ions to form a 
plasma of the reactant gas, Which enable the plasma to 
be formed under a pressure of 90 kPa to 110 kPa, the 
electric energy being applied betWeen electrodes to 
form the plasma, the distance betWeen the electrodes 
being less than 5 mm, 

the reactant gas radicals and ions reacting to form the ?lm. 
2. The method of claim 1, said energy being supplied to 

the gas mixture by electric poWer in a frequency range of 1 
kHZ to 100 MHZ. 

3. The method of claim 1, one of helium, argon, neon 
krypton, xenon or one of a mixture of at least tWo chosen 
from a group consisting of helium, argon neon, krypton and 
xenon being used as noble gas. 

4. The method of claim 1, temperature of the substrate on 
Which said ?lm is to be formed being in a range of 25 to 500° 
C. 

5. The method of claim 1, the ?lm being silicon dioxide 
or having a composition close to silicon dioxide. 

6. The method of claim 1, the ?lm being silicon nitride or 
having a composition close to silicon nitride. 

7. The method of claim 1, the ?lm being one of a silicon 
?lm, a doped silicon ?lm, and a hydrogenated-silicon ?lm. 

8. The method of claim 1, the ?lm being one of a metal 
and an alloy ?lm. 

9. A semiconductor device comprising a ?lm fabricated 
according to the method of claim 1. 

10. The semiconductor device of claim 9, the semicon 
ductor device being one of a metal oxide semiconductor 
?eld effect transistor device, a thin ?lm transistor, and a 
silicon on insulator device. 

11. The semiconductor device of claim 9, the semicon 
ductor device being a photovoltaic device. 

12. An electro-optical apparatus comprising the semicon 
ductor device of claim 9. 

13. Amemory device comprising a ?lm fabricated accord 
ing to the method of claim 1. 

14. The memory device of claim 13, the memory device 
being one of a metal oxide semiconductor ?eld effect 
transistor device, a thin ?lm transistor, and a silicon on 
insulator device. 

15. The memory device of claim 13, the memory device 
being a photovoltaic device. 

16. A plasma enhanced method for fabricating a ?lm, 
comprising: 

introducing a gas mixture of a noble gas and reactant gas 
into a chamber; and 

supplying an electrical energy to a gas mixture such that 
a noble gas plasma is produced and that noble gas 
radicals and ions subsequently collide With the reactant 
gas to form reactant gas radicals and ions to form a 
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plasma of the reactant gas, Which enable the plasma to 
be formed under a pressure of 1 kPa to 110 kPa, the 
electric energy being applied betWeen electrodes to 
form the plasma, the distance betWeen the electrodes 
being less than 5 mm, 

the reactant gas radicals and ions reacting to form the ?lm. 
17. Aplasma enhanced method for fabricating a ?lm, the 

method comprising: 
supplying optical energy With a light of Wavelength less 

than 200 nanometer to a mixture of noble gas and 
reactant gas to form a plasma and create reactive 
species, the reactive species forming a ?lm on a 
substrate, the optical energy being used for producing 
noble gas radicals and ions, the noble gas radicals and 
ions being excited by the optical energy and colliding 
With the reactant gas to form the plasma. 

18. A semiconductor device comprising a ?lm fabricated 
according to the method of claim 17. 

19. Amemory device comprising a ?lm fabricated accord 
ing to the method of claim 17. 

20. A plasma enhanced method for fabricating a semi 
conductor device, comprising: 

a step of forming a ?lm by: 
introducing a gas mixture of a noble gas and reactant 

gas into a chamber; and 
supplying an electrical energy to a gas mixture such 

that a noble gas plasma is produced and that noble 
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gas radicals and ions subsequently collide With the 
reactant gas to form reactant gas radicals and ions to 
form a plasma of the reactant gas, Which enable the 
plasma to be formed under a pressure of 90 kPa to 
110 kPa, the electric energy being applied betWeen 
electrodes to form the plasma, the distance betWeen 
the electrodes being less than 5 mm, 

the reactant gas radicals and ions reacting to form the ?lm. 
21. Aplasma enhanced method for fabricating a memory 

device, comprising: 
a step of forming a ?lm by: 

introducing a gas mixture of a noble gas and reactant 

gas into a chamber; and 
supplying an electrical energy to a gas mixture such 

that a noble gas plasma is produced and that noble 
gas radicals and ions subsequently collide With the 
reactant gas to form reactant gas radicals and ions to 

form a plasma of the reactant gas, Which enable the 
plasma to be formed under a pressure of 90 kPa to 
110 kPa, the electric energy being applied betWeen 
electrodes to form the plasma, the distance betWeen 
the electrodes being less than 5 mm, 

the reactant gas radicals and ions reacting to form the ?lm. 

* * * * * 


